In total 155 women in an intervention group attempted to restrict gestational weight gain to less than 7 kg. The control group was comprised of 193 women.
Introduction
The epidemic of obesity is not confined to a single subset of the world's population, but is spread throughout all races, age groups, sexes and socio-economic classesincluding pregnant women 1-3. A Swedish study shows that from 1978 through 2001 the proportion of overweight women in childbearing age has tripled, and obesity in that population has increased five-fold in Sweden 4 . The increase in body mass index (BMI) brings with it an increased risk for complications during pregnancy, delivery and the postpartum period [5] [6] [7] [8] [9] . The infant of an obese woman has increased risks for antepartum stillbirth, neonatal death, birth defects, and neonatal complications [10] [11] [12] [13] [14] .
Recent studies show that some of these risks are averted if a woman's pregnancy weight gain is restricted [15] [16] [17] . Few studies have provided quantitative estimations of the related increase in the use of health care services for obese pregnant women.
Health care costs in general for obese pregnant women have been studied by Chu et al 2008 18 ,who found that obesity during pregnancy was associated with significantly more examinations during pregnancy, more obstetrical ultrasonographic examinations and increased use of medication. That study also found that obese women also had more prenatal visits with physicians, a longer hospital stay after delivery, and more telephone calls to the department of obstetrics and gynaecology. Most of the increase in length of stay associated with higher BMI was related to increased rates of caesarean delivery and obesity-related high-risk conditions. Interventions to control excessive pregnancy weight gain are few and have shown poor results [19] [20] [21] .
Policymakers and healthcare planners are aware that even a small increase in the cost of health care -associated with obesity during pregnancy for the women and later her child -will have substantial economic implications for the future. This makes intervention programs and assessment of efficacy and economic viability of interventions essential. In order to make an informed decision about which interventions to implement, healthcare providers and policy makers must have information on which programs maximize health given ever-present budget constraints. The purpose of this study was to perform a comparison of the total costs during pregnancy, delivery and neonatal period between women in the index group of a weight-gain restriction program for obese pregnant women conducted at the University Hospital of Linköping, Sweden with a cohort given standard antenatal care.
Methods
The Swedish antenatal health care system as well as the delivery care reaches almost 100 % of all pregnant women. The antenatal and delivery care is free of charge. At the antenatal care clinics (ACC) healthy pregnant women are recommended to attend the regular antenatal program with seven to nine visits to a midwife, and if needed, extra appointments with an obstetrician and/or with the midwife. In the intervention study pregnancy weight gain was controlled in the intervention group through weekly motivational meetings with a both cognitive and behavioural change approach conducted by a specially trained midwife. All women who accepted to take part in the intervention were invited to 30 minute session every week. The midwife worked according to the following schedule:1) a thorough assessment of the pregnant woman's knowledge of obesity as a risk factor during pregnancy, childbirth and for the child; 2) if the woman lacked sufficient knowledge she was offered the information and given accurate facts; 3) the woman was also informed about the potential consequences of behaviour and cognition associated with eating and food intake; written information was supplied if needed; 4) all successive sessions included weight control and a supportive talk with regards to how to deal with food intake, motivational change of behaviour, how to deal with partner and family, supporting exercises and behavioural pitfalls; 5) all women were also invited to participate in a water-gymnastics program designed for obese women once or twice a week 22 .
The target weight gain was < 7 kg. The women in the control group were offered standard antenatal care. 
Costs
All costs are converted from Swedish Kronor to EURO at a 10:1 ratio. 
Cost of the Intervention Program

Cost for Healthcare
Hospital costs during pregnancy, delivery and neonatal care of the newborn were calculated using national averages as presented in NordDRG. Diagnosis-Related Group (DRG) uses a system of averaging costs for diagnosis, procedures performed, gender, age, length of hospitalization, and status at discharge to classify patients into categories with similar resource use 24 . The following inclusions and assumptions were made when assigning each diagnosis into each DRG:
Costs During Pregnancy:
Each appointment with a physician, whether outpatient at the hospital or at a public antenatal care clinic cost EURO 297. The cost for a midwife consulting a physician was estimated to be 1/3 the cost of an appointment; that is, EURO 99. An appointment with a midwife costs EURO 82. In the event of in-patient care during pregnancy the appropriate DRG costs were assigned.
Costs During Delivery
The guidelines for the choice of DRG during delivery were : Caesarean Section, uncomplicated and 4) if an acute caesarean section was performed it was listed as a Caesarean Section, complicated.
Costs of Neonatal Care
The assigned DRG for each case depended on the birth weight and number of diagnoses/complications that were noted in the journal. In the case of a diagnosis of "large for gestational age", "postmature", and "hyperbilirubinemia", the diagnosis was not considered a complication if the infant was not treated in the neonatal ward.
An uncomplicated pregnancy, vaginal delivery and a healthy child costs EURO 4400.
A short hospitalization during pregnancy, such as might result in the case of an emergency caesarean section and an infant requiring limited hospital care, for example, costs EURO 12000.
Analyses
Mean total healthcare costs and costs during pregnancy, delivery and neonatal care of the intervention group were compared to the control group. Further, the weight-gain subgroups of women who gained under 7kg (the target maximum weight gain of the program) and 7kg and over were compared. Since weight gain recommendations are a topic of current debate, we further divided the groups as follows: 1) those that gained less than 4.5 kg during pregnancy 2) those whose gain was within the range 4.5 -9.5 kg, and 3) those who gained more than 9.5 kg. Cost variables within each of these subgroups were compared with the control group. Weight gain was calculated using the last registered weight during motivational meeting minus weight at enrolment in the program. Each of these subgroups were further compared to their respective weight-gain interval in the control group to determine if any potential differences were possibly attributable to factors other than weight-gain. Additionally, we compared the outcomes based on the individuals' BMI at admission to the program (stratified into 30-34.9 kg/m 2 , 35-39.9 kg/m 2 and > 40 kg/m2) to elucidate any possible effect the degree of obesity had on the results of the program.
Statistical Methods
Mean total healthcare costs and costs during pregnancy, delivery and neonatal care
were compared. Additionally, the cost of the intervention was added to the total costs and compared to the total average cost for a pregnant woman in the control group.
The costs were compared using the Student's t-test 23 . All tests were two-tailed and the 95% confidence intervals (CI) were calculated. All calculations were performed by SPSS v.15.0.
Results
A brief summary of the results of the intervention program (for more details on obstetrical and neonatal outcome see Claesson et al 2007 22 ).
The mean weight gain for the intervention group (8.7 kg) was 2.6 kg less than that of the control group 11.3 kg (p<0.001). There were significantly more women in the index group, compared with the women in the control group who gained less than 7 kg (p= .003), and there were more nulliparous women in this group, compared with the control group (p = .018). The women in the index group had a significantly lower BMI at the postnatal check-up, compared with the control group (p<.001). Neonatal outcomes such as birthweight, gestational age and mode of delivery/complications did not differ between the groups. The same held true when the analyses were restricted to women who gained less than 7 kg during their pregnancies 22 .
Total health care costs
In each of the intervention and control groups an extremely preterm infant was hospitalized for approximately 90 days. Both cases were excluded from the calculation of neonatal costs, total health care costs, and total cost of health care and intervention. No difference in total health care costs was found. However, the intervention group had a statistically significant lower cost during pregnancy (approximately EURO 348 per woman).
Total cost of health care and intervention
As seen in Table 1 , the per woman intervention cost is EURO 1616. During the 27 months of the intervention program, 155 women participated for a total cost of EURO 250 511. The mean per woman/infant difference in total cost, including intervention cost, was EURO 1283 more for the intervention group compared to the control group (p<0.025).
Intervention sub-groups compared to control group
For sub-group analyses within the intervention group we analyzed the group of women that held their weight-gain to less than 7 kg (the target maximum weight gain for the intervention group) against all controls, as well as those intervention women who had weight gain > 7kg against controls. There was no difference in total costs.
Intervention sub-groups <4.5, 4.5-9.5, >9.5kg compared to control group
Results of the analyses of subgroup "weight gain < 4.5kg" were suggestive of an increased cost for neonatal care and total costs (p-values 0.16 and 0.20 respectively) when compared to the control group. However, after excluding the extremely preterm * For the women with singleton pregnancies whose weight was assessed both at the start of the intervention and one to two weeks before delivery.
cases, the results showed no such trend (p-values 0.88 and 0.95). There was no difference in costs for the subgroup that gained more than 9.5 kg when compared to the control group. However, in the subgroup that had a pregnancy weight gain of 4.5-9.5 kg the mean cost for pregnancy was EURO 574 less (p<0.001), Table 3 .
Intervention sub-groups compared to control sub-groups
Total health care costs between all sub-groups in the intervention and control groups (for example < 7 kg intervention compared to < 7 kg control) showed no significant differences. However, differences were found comparing the DRG costs during pregnancy. A statistically significant reduction in costs was found for the intervention sub-groups < 7 kg and 4.5-9.5 kg. Within the other sub-groups a similar trend was found (data not shown). * For the women with singleton pregnancies whose weight was assessed both at the start of the intervention and one to two weeks before partus.
Stratified BMI upon admission to the program
The index women with an initial BMI 30-34.9 kg/m 2 (n=100) had a mean total healthcare cost -excluding intervention costs -of EURO 7948 while the control women with the same initial BMI (n=112) had a cost of EURO 7023: a non-significant difference (p=0.226). The index women with an initial BMI 35-39.9 kg/m 2 (n=36) had a mean cost of EURO 6136 while the control group with the same initial BMI (n=39) had a cost of EURO 7007: a non-significant difference (p=0.249). The index women with the highest BMI (n=19) had a mean cost of EURO 8043 while their controls (n=21) had a mean cost of EURO 8952: also non-significant (p=0.723). All costs contributing to the total costs(i.e. pregnancy, delivery, neonatal care) were analysed in the same manner. No significant differences were found.
Frequency of exercise
The attendance to water gymnastics during pregnancy ranged from zero to 28 with a mean of seven and a mode of five. A small negative correlation (-0.15, p<0.07) between frequency of water gymnastics and gestational weight gain was found;
however, no correlation between exercise and costs were found.
Lost weight during pregnancy
Eleven women lost weight during their pregnancy. No differences were found in costs associated with pregnancy, delivery, neonatal care or total costs when compared to the control group.
Discussion
This study is, to our knowledge, the first analysis of total costs of an intervention In the intervention study there are both strengths and limitations regarding the methods and sample used. The intervention study was not randomized which can be seen as an important limitation. Randomization is a powerful tool and a good general rule is to randomize whenever possible 28, 29 . In all scientific research it is important to control external factors and to make an effort to minimize situational contaminants.
The environment has been found to exert a powerful influence on people's emotion and behavior 29 These results may, however, be interpreted to be a reasonable representation of the greater population since the degree of weight gain between the index and control groups was shown to be independent of all demographic characteristics when analyzed by means of ANCOVA 22 .
Of the approximately 110 000 children born annually in Sweden 30 , about 11 000 are born by obese women 4 . If one-third of those obese women could hold a weight gain within 4.5 to 9.5 kilograms during pregnancy a total direct saving to society of around EURO 1 000 000 could be expected. With other health benefits that follow from a healthy change in lifestyle, the benefits would certainly exceed this modest short-term savings. Since better health for both woman and child, and a streamlining of budget are natural goals for policy makers and health care providers, further efforts to create a viable weight gain control program during pregnancy intervention are warranted.
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